Fully automated driving can potentially provide enormous benefits to society. However, it has been unclear whether people will appreciate such far-reaching technology. This study investigated anonymous textual comments regarding fully automated driving, based on data extracted from three online surveys with 8,862 respondents from 112 countries. Initial filtering of comments with fewer than 15 characters resulted in 1,952 comments. The sample consisted primarily of males (74%) and had a mean age of 32.6 years. Next, we launched a crowdsourcing job and asked 69 workers to assign each of the 1,952 comments to at least one of 12 predefined categories, which included positive and negative attitude to automated driving, enjoyment in manual driving, concerns about trust, reliability of software, and readiness of road infrastructure. 46% of the comments were classified into the category 'no meaningful information about automated driving', leaving 792 comments for further analysis. 39% of the comments were classified as 'positive attitude towards automated driving' and 23% were classified as 'negative attitude towards automated driving'. In conclusion, the public opinion appears to be split, with a substantial number of respondents being positive and a significant number of respondents being negative towards fully automated driving.
Introduction
It is generally believed that fully automated driving (FAD), or 'level 5 automation' according to the SAE levels of driving automation [1] , will be a common mode of transportation in the (far) future. Automated driving could have large positive influences on society in terms of safety and efficiency of road transport.
Automated driving is currently a much discussed topic in academic institutions [2] [3] [4] [5] [6] [7] [8] , governmental bodies [9, 10] , and industries [11] [12] [13] [14] [15] [16] . Recently, automated driving has also become a topic of great interest to the public [7, 8, 17, 18] . For example, one blog article on the lane changing capabilities of the Tesla S was read 27,842 times and received a relatively large number of 96 comments (as recorded on 12 December 2014) [19] . A particular comment on this blog illustrates that people have legitimate questions regarding the robustness of automated driving technology in demanding environmental conditions: "Does an inch-thick crust of mud and salt screw up the sensors' ability to accurately measure the environment around the car?"
Although the topic of automated driving is widely discussed in public fora, little scientific knowledge is available regarding the international perspective on the foreseen radical change in society and the level of acceptance of this technology. The present study aimed to investigate the public opinion on FAD.
Collected comments on automated driving
During 2014, in our research group, three surveys were launched on the CrowdFlower online platform (www.crowdflower.com) to poll the public opinion on fully automated driving. In this paper, we analyse the textual comments obtained from these three surveys Survey 1 (S1) "Research study about driving behavior" [20] is an innovative study that explored the use of the crowdsourcing service CrowdFlower in academia. The 15-item survey focused on respondents' knowledge of automated driving systems and cross-national differences in traffic violations as measured with the Manchester Driver Behaviour Questionnaire (DBQ). In total 1,862 responses were obtained within 20 hours at a cost of $247. The 16th question in the survey "Any comments?" invited the respondents to give any comments related to the survey itself and to the topic of the questionnaire -automated driving.
A larger survey (Survey 2; S2) "Opinion on automated driving systems" [21] investigated user acceptance, worries, and willingness to buy partially, highly, and fully automated vehicles. In total 5,000 responses from 109 countries (40 countries with at least 25 respondents) were collected. This study further investigated cross-national differences and assessed correlations with personal variables, such as age, gender, and personality traits as measured with a short version of the Big Five Inventory. The 63rd question "Please provide any additional comments you may have about the survey" asked respondents to provide any comments, including their thoughts on automated driving.
Finally, Survey 3 (S3) [22] examined user acceptance of auditory interfaces in modern cars and their willingness to be exposed to auditory feedback in highly and fully automated driving. This survey obtained 2,000 responses from 96 countries. The 31st question "Please provide any suggestions which could help engineers to build safe and enjoyable automated cars" was targeted specifically at receiving feedback on automated driving.
Comments received in these three surveys formed a large amount of text. Text is often analyzed manually by the researchers themselves, a process that can be time consuming and prone to investigator bias. Text mining is a more efficient approach for analyzing large quantities of lexical structures [23] [24] [25] . Statistical text mining techniques allow researchers to tag and annotate texts, establish distributions of word frequencies, and extract underlying patterns. There are numerous examples of efficient and fast analyses of text with such approaches. For example, Twitter messages that have no more than 140 characters were processed to receive real-time information on distracted driving messages [26] . Text mining is commonly employed in the field of biomedical research [27, 28] and is a widely used technique for analyzing web content [29, 30] . Analysis of text with text mining techniques is often faster than manual analyses. However, it requires a deep understanding of the underlying tools. A novel approach of crowdsourcing the task of text analysis was employed in this study: we delegated the classification of comments to dozens of workers from all over the world.
Using CrowdFlower for classifying comments
A preliminary inspection of the comments led us to conclude that comments consisting of less than 15 characters contained no meaningful information. These comments (N = 5,884, 75%), including empty comments, were therefore removed. Accordingly, a total of 1,952 comments were left for further analysis. The sample consisted primarily of males (1,429 males, 513 females, 10 gender unknown) and had a mean age of 32.6 years (SD = 11.4, N = 1914 with available age data).
The 1,952 comments represented text of considerable size: 175,378 characters (M = 90, SD =101, N = 1,952), or, assuming that the average length of a word in the English language is 5.1 characters [31] , about 34,388 words. We reasoned that a manual analysis of such a large number of comments would not be reasonable, since it would take a significant amount of person-hours of work. The option of outsourcing the task among colleagues was discarded, as we suspected it could have led to biased results. Thus, crowdsourcing the job appeared to be a good solution.
The comments were categorized by means of a survey project launched on CrowdFlower. We outlined 12 categories for the classification of the comments. These 12 categories were created through a manual analysis of a random selection of 200 comments. Specifically, the categories were defined based on the frequencies of comments that could be assigned to particular categories. The categories encompassed positive and negative opinions towards automated driving, concerns about the different aspects of automated driving, and the public's vision of automated driving. Table 1 shows the established categories and provides short descriptions. In our crowdsourcing project, we only allowed workers from English speaking countries. CrowdFlower provides the option to select up to 15 countries per project. Hence, our workers were from Antigua and Barbuda, Australia, Bahamas, Barbados, Belize, Canada, Dominica, Grenada, Ireland, Jamaica, New Zealand, Saint Lucia, Trinidad and Tobago, United Kingdom, and the United States. To assure sufficient quality of the categorization, the highest (third) level of performance of contributors was selected. That is, only the most highly ranked workers were invited to perform the categorization. A maximum of 200 randomly selected judgments per contributor and IP address were permitted. In total, 69 workers classified the comments. The total amount to be paid for the crowdsourced categorization of 1,952 comments was $120. Each comment was processed by at least five workers, while the workers were not allowed to review the same comment more than once. The workers received the comments in random order, and they were allowed to classify comments in more than one category.
To control the quality of data, we adopted a threshold when analyzing the data. The threshold defines the minimum number of workers that assigned a comment to a particular category for the categorization to be accepted as valid. The cases where threshold was equal to 1, 2, 3, 4 and 5 judgments were handled.
Furthermore, countrywide differences were analyzed at the national level by comparing the opinion of people on automated driving as a function of their country's income. Information on the Gross Domestic Product (GDP) per capita of countries involved in the surveys was extracted from the records of the World Bank [32] . The values of GPD per capita of The Bahamas, Barbados, Taiwan, and United Arab Emirates were retrieved from the International Monetary Fund [33] . One comment originated from the Palestinian Territories, and no information on the GDP per capita of that country could be found. Hence, that comment was excluded, leaving 1,951 comments for the crossnational analysis.
Finally, the authors selected three comments from each category as representative examples of the opinions of the respondents. Only comments that were written in English language, were clearly stated and easily interpretable, and were at least 50 characters long.
Results
In total, 11,760 reviews (or 'judgments' according to the terminology used by CrowdFlower) of comments were received. That is, on average, each comment was reviewed 6. We first explored the effect of different values of the threshold parameter. If threshold equaled 1, no judgments were ignored; if threshold equaled 2, then 3,438 judgments were ignored; if threshold equaled 3, 4,792 judgments were ignored; if threshold equaled 4, 5,581 judgments were ignored; and finally, if threshold equaled 5, 6,186 judgments were ignored. Figure 1 shows the numbers of accepted comments per category. According to our interpretation, the most valid and robust outcome was achieved when threshold equaled 3. When threshold equaled 3, 16% (N = 309) of the comments were classified as POSITV, while 9% (N = 185) were classified as NEGATV. In addition, 5% (N = 98) of the comments were marked as CTRUST, whereas 3% (N = 52) expressed CINFST. Furthermore, 4% (N = 83) of the comments expressed a preference for semi-automated driving (i.e., SEMAUT). Finally, 3% (N = 56) of the comments indicated that people would prefer manual driving, that is, they were marked as MANUAL, and 2% (N = 36) of the comments were classified as ENJOYM.
The dominant category in the classification of comments was NOMEAN, with 46% (N = 903) of the comments classified into this category. These comments were seen as statements that carried no meaningful information about FAD and were excluded from the data set. Subsequently, 792 meaningful comments were left for further analysis. Table 2 shows the numbers of the comments assigned to combinations of categories. Numbers on the diagonal indicate the total numbers of comments that were classified into each category. The off-diagonal values are subsets of the corresponding numbers on the diagonal of the table; they indicate how many comments were tagged into each pair of categories. A total of 185 of 792 comments (23%) were classified as negative towards automated driving (NEGATV), while 309 of 792 (39%) were classified as positive (POSITV). A comparatively small number of comments were assigned to more than one category. Specifically, 32 comments were categorized as both MANUAL and NEGATV, which is an expected result, as respondents who have a negative attitude to automated driving also prefer to have manual control of a car. Furthermore, 22 respondents expressed a low level of trust towards automated driving and indicated a negative attitude towards automated driving (CTRUST & NEGATV). Seven people indicated that they would rather use a semi-automated vehicle while also expressing a low level of trust in automated driving (CTRUST & SEMAUT). However, 9 respondents had a positive attitude to automated driving while they also mentioned a low level of trust in automated driving (CTRUST & POSITV). Furthermore, 11 comments were categorized as ENJOYM and NEGATV, 14 comments as ENJOYM and MANUAL, and 7 comments as ENJOYM and SEMAUT.
Next, the comments were analyzed at the national level. Figure 2 shows the numbers of comments for three groups created based on the GDP per capita of corresponding countries: low-income countries (with GDP per capita between $694 and $3,900, N = 265), medium income countries (with GDP per capita between $4,403 and $21,035, N = 263), and high income countries (with GDP per capita between $21,910 and $111,162, N = 264). The categories were created automatically by sorting the comments and splitting them into three equally sized groups. Fisher's exact test showed that people from high-income countries were more likely to be negative (p < .001) and less likely to be positive (p = .001) about automated driving than people from low income countries. People from high-income countries were also more concerned about software issues (p = 0.048). The other differences between respondents from low versus high income countries were not statistically significant (p > .05 for each of the other 8 categories). Finally, Table 3 introduces examples of comments for all categories. Code names indicate assigned categories. Table 3 . Examples of respondents' comments per category. The comments are not edited for grammar and spelling.
Code name Comment

NEGATV1
The idea of fully automated cars scares me even more than other drivers.
NEGATV2
I will never set foot in a fully automated vehicle.
NEGATV3
I think this idea is unsafe and bizarre, actually.
MANUAL1
I will prefer to use manual driving because fully automated will make you lazy mentally.
MANUAL2
I prefer a manually driving 100%.
MANUAL3
I like manual driving.
SEMAUT1
I don't like the fully automated vehicles because i cant control it, a highly automated vehicle sounds much better.
SEMAUT2
I can't think of any as I don't like the idea of automated cars, as I prefer to have control.
SEMAUT3
Totally automated is giving up total control and some people may not like it.
ENJOYM1
A fully automated car will eliminate driving pleasure. There should be an option for manual driving.
ENJOYM2
I enjoy the manually driving too. Cause I feel I'm the driver :)
ENJOYM3
It is not a wise idea at all. If it really happens than there will be no race driver and no one will enjoy driving. No will ever say "Let's go for a long drive".
CCOSTS1
I hope the automated cars will be sold at a price that is not too expensive.
CCOSTS2
I would buy it for a good price and use it once it is on the market for a while and I'm sure that the system is safe. I would not be a pioneer on that, since safety is evolved.
CCOSTS3
Both price and quality accessible to everyone.
CTRUST1
I think this technology will take a long time to be really reliable and trusted.
CTRUST2
I trust my driving much more than I trust a computer system to do it for me. With the fully automated system, I would not want it because it would not allow for driver control if something major happened that a computer couldn't respond to.
CTRUST3
The cars should never be fully automated, at least the cars should maintain a certain degree of manual system as technology sometimes can fail.
CSOFTW1
I think manual control as a must. If anything malfunctioned or something like virus attack will be really dangerous without Low GDP Medium GDP High GDP manual control. It will be like knight rider huh.
CSOFTW2
Well, my main concern with automated cars is the possibility of someone hacking the car and being able to take over the car.
So I would think that security would be extensively tested to prevent such cases.
CSOFTW3
It's a good survey to take but in my opinion fully automated will be a sure shot risk because computers are also justified as devil at bad hacking times.
CINFST1
The driving conditions in our country (country name) needs a lot of improvement.
CINFST2
In my country, the road infrastructure is very bad, and i think cars will have a tough time becoming automated.
POSITV1
I think the concept of Fully Automated Driving is very fascinating and it could be possible in the near future as technology develops and human beings advance.
POSITV2
Hopefully this wonderful technology will occur in my lifetime.
POSITV3
I hope this becomes available in the very near future.
VISION1
Since I cannot drive manually due to my bad vision, a fully automated car would be great for me, as long as I can see the instructions in the car and program it to get where I want to go, I should be able to get a licence for it.
VISION2
Opportunities to disabled.
VISION3
I am a disabled person and I have really bad eyes and limited field of view. I would be really happy if we had fully automated vehicles here in (name of country) so I wouldn't need second person to drive a car for me. It is sad though because it will take a lot of years for our country to introduce such vehicles on large scale.
NOMEAN1
I have no additional comments.
NOMEAN2
Don't judge me.
NOMEAN3
Comfy chair, spacious.
OTHER1
Correct sensors should be installed.
OTHER2 Don't you have any other thing to do? Like finding a solution for global warming.
OTHER3
Discussion
In this study, free-response comments from three crowdsourced surveys involving 1,952 respondents were categorized by means of another project submitted to CrowdFlower. The decision to involve external people in the categorization was taken after determining that the classification of all comments would be cumbersome and timeconsuming to do ourselves, and it could be biased. Our approach to the categorization of a large amount of text proved to be efficient and successful. Moreover, a threshold for accepting categorization of comments was developed, and robust results were obtained when this variable was set to 3.
The main finding was that the public opinion appears to be split, with a significant number of respondents being positive (POSITV) and a significant number of respondents being negative (NEGATV) towards FAD. This result is consistent with a previous survey study [21] , which analyzed the public opinion on automated driving using fivepoint Likert items. A portion of the population does not appear to trust automated vehicles (CTRUST) and prefers to drive manually (MANUAL). A small number of comments were categorized into multiple categories. A dual categorization indicates obvious connections between categories. For example, 32 of 1,952 comments were categorized with both a negative attitude towards automated driving and a preference for manual control of cars in the future.
The comments were also analyzed at the national level, where they were grouped by GDP per capita of the respondents' country. The results revealed an association between income level and the number of comments per category. People from high-income countries were more likely to express a negative comment and less likely to express a positive comment about automated driving. In one of our previous surveys using five-point Likert items, we found that people from countries with a higher GDP were more concerned about automated vehicles transmitting data than people from low income countries [21] .
One of the categories presented to the workers of CrowdFlower for the categorization was "preference to manual driving". This category was created to indicate that the preference is given to manual driving over automated driving. However, it could also be understood as "I prefer automated driving to manual driving", which indicates that the preference is given to automated driving. Another issue was that the category "vision" could have been understood by some crowdworkers literally as 'eyesight' instead of 'imagination' or 'prospect' (as we intended). The examples in Table 3 (e.g., VISION1 & VISION3) reveal that FAD is preferred among people having bad eyesight or physical disabilities. Nonetheless, the workers indicated that instructions were well defined by ranking their clearness as 4.4 / 5.0.
A limitation of the present results is that CrowdFlower respondents are not representative of the entire population of stakeholders of future FAD vehicles. It is expected that such vehicles will initially be purchased by wealthy people, whereas jobs on CrowdFlower are performed mostly by people with relatively low income [21] . One recommendation is to launch more questionnaires, possibly using the 'classic' approach of asking people in person, in an attempt to target more diverse layers in the society. The questions that were asked in the surveys may be relaunched on CrowdFlower a few years in the future. This would create the opportunity to elucidate temporal trends in the public opinion.
